INTRODUCTION
In silicate systems, Y has been recognized as a pseudo lanthanide because Y behaves like REE, especially Ho, due to the same trivalent ionic ra dii as Ho. In fact, Y abundances relative to Ho for most natural igneous rocks are nearly chon dritic ratio around 28 (Jochum et al., 1986) . However, in aqueous solutions and their precipi tates such as chemical sediments, Y does not necessarily behave like Ho. Seawaters are charac terized by Y/Ho ratios between 50 and 60 (Hogdahl et al., 1968; De Baar et al., 1985; Shabani et al., 1990; Zhang et al., 1994; Bau et al., 1995) , significantly higher than that of chondrite. Y/Ho ratios in some limestones show highest ratios around 60-80 (Wildeman and Haskin, 1973; Jarvis and Jarvis, 1985; Kawabe et al., 1991) . Marine estuarine sediments and non-phosphatized hydrogenetic marine ferromanganese crusts display lower Y/Ho ratios ranging from 17 to 25 (Jarvis and Jarvis, 1985; Bau et al., 1996) .
The lanthanide tetrad effect is also observed in aqueous systems. Masuda and Ikeuchi (1979) recognized a zigzag feature in heavy REE pattern of seawater and interpreted it as a reflection of partial act of lanthanide tetrad effect. Masuda et al. (1987) proposed to distinguish two types of tetrad phenomenon in nature: "W-type" observed in natural waters and related materials and "M-type" observed in solid materials that probably have re mained after leaching by aqueous media (e.g., leuco-granite). The tetrad effect results from in creased stability at quarter, half, three-quarter, and complete filling of the 4f electron shell. Ideally, the tetrad effect consists of four separate curves, La-Ce-Pr-Nd, Pm-Sm-Eu-Gd, Gd-Td-Dy-Ho and Er-Tm-Yb-Lu.
Jt rgensen (1970) interpreted in terms of quantum mechanics that the tetrad effect originates from the interelectron repulsion of electrons in 4f orbitals for trivalent lanthanides. Kawabe (1992) developed a new refined spin pairing energy theory on the bases of Jorgensen's theory. Masuda et al. (1994) recently proposed an electron configuration model in terms of the steric symmetry of configurations of 4f electrons.
Both Y-Ho fractionation and lanthanide tetrad effect are peculiar phenomena in aqueous system. Therefore, it is important to focus attention on the behaviors together for aqueous solutions and their precipitates. Kawabe et al. (1991) noted that positive Y anomalies are intimately associated with W-type tetrad effect of REE in natural aquatic solutions including seawaters and in some marine deposits from the solutions. The positive deviation of Y/Ho from the chondritic ratio is a feature of not only the W-type tetrad effect, but also the M type tetrad effect. Liu et al. (1993) further studied using inductively coupled plasma mass spectrometry (ICP-MS).
SAMPLES

Samples analyzed
The chert samples used in this study were Archean cherts from the Pilbara Block, Western Australia, Triassic cherts from central Japan, and Cretaceous and paleogene deep-sea cherts from central Pacific and the Caribbean Sea. Archean cherts are identical to those used in Minami et al. (1995) . They were collected from chert unit at Marble Bar, in the Towers Formation of the Salgash Subgroup in the Warrawoona Group, Pilbara Block. The red or black bands consist of microcrystalline hematite, goethite, opaque min erals and quartz, and the white bands consist mostly of microcrystalline quartz. These red-white banded chert layers are sporadically associated with yellowish (or creamy) gray cherts. Yellowish gray cherts consist of microcrystalline quartz commonly associated with mega-quartz either as veins of 0.5 to 2 mm in thickness or as subrounded clots of 0.5 mm in size. Some yellowish gray cherts are enriched in carbonaceous matter , sericite, chlorite, and rutile. The two Sm-Nd ages of 3.2 ± 0.3 Ga for red-white banded cherts and 2.5 ± 0.2 Ga for yellowish gray cherts are younger than 3.45 Ga U-Pb zircon ages previously reported for the Salgash Subgroup (Thorpe et al., 1992) , but the older age of 3.2 ± 0.3 Ga is close to the U-Pb zircon ages for the Salgash Subgroup within ana lytical errors and therefore can be regarded as the formation time of the banded cherts (Minami et al., 1995) . The younger age of 2.5 ± 0.2 Ga for the yellowish gray cherts is thought to reflect the time of later thermal events and the cherts do not retain their original chemical features. In this study, three samples of banded cherts (1201-10, 1201-18 and 1302-A) and three samples of yellowish gray cherts (1201-20, 1201-35-2 and 1201-48) were used. Both red and white bands were analyzed for banded chert samples of 1201-10 and 1201-18.
Two Triassic cherts are from the Mino Terrane, Kamiaso, Gifu, Japan and JCh-1 sample is a chert standard rock of Geological Survey of Japan, from the Ashio Terrane, Ashikaga, Tochigi, Japan. These cherts are abundant in siliceous microfossils. Cretaceous deep-sea cherts were recoverd during the Deep Sea Drilling Project (DSDP). Three DSDP cherts 7-66-5, 16-163-14 and 17-167-85 are from the central Pacific, at locations of 2°23' NI 166'7'W in 5293 m depth, 11'15'N/150018'W in 5320 m depth and 7°4' N/176°50' W in 3176 m depth, respectively, and sample 4-29C-1 is from the Caribbean Sea, at 14°47' N/69019' W in 4247 m depth. These Phenerozoic biogenic cherts ana lyzed here are identical to those used in earlier studies (Shimizu and Masuda, 1977; Shimizu et al., 1991) . The more detailed description of them is given in Shimizu and Masuda (1977) .
Major element compositions
Major element data are given in Minami et al. (1995) . 
EXPERIMENTAL
In order to identify tetrad effect in REE pat terns of natural samples, high analytical quality is required. We used both ID-MS with a thermal ionization mass spectrometer (JEOL JMS-05RB) and ICP-MS (VG PlasmaQuad 0); the former provides the most reliable analytical date of REE having plural isotopes, and the latter enables us to measure the abundances of all REE including mono-isotopic elements. Most of the ID-MS data have been already reported by Minami et al. (1995) for the Marble Bar Chert, and by Shimizu and Masuda (1977) for some of the Japanese cherts and the DSDP cherts. In this study, we mainly analyzed REE and Y using ICP-MS in order to obtain the abundances of all REE.
Slices of rock samples were crushed into grains and powdered. About 1 g of the powders was de composed with an HF, HCIO4 and HCl mixture in a teflon beaker. The decomposed sample was dissolved in HCI. For ID-MS, an aliquot of the sample solution was spiked for REE, and these elements were separated together from major ele ments using AG50W-X8. cation-exchange-resin column, with HCl as eluent. For ICP-MS mea surements, another aliquot of the sample solution was evaporated to dryness and redissolved in 1% HNO3. All of the acid reagents used in this study were purified by sub-boiling distillation of ana lytical grade regents. To minimize error due to matrix effect, we prepared two standard solutions whose REE compositions match the chert samples. 1151n was chosen as an internal standard . We re peated the ICP-MS analysis four or five times.
RESULTS
The analytical results are given and 2. Most of data obtained using
in Tables 1   ICP- 
O N N N 00 W 00 N 00 00 0O 00 00 M . pecially HREE data, agree with REE abundances determined by ID-MS, with differences smaller than 5%. The chondrite-normalized REE patterns with Y plots of the chert samples are shown in Figs. 1(a)-(d) . They are normalized by REE abundances in the Leedey chondrite (Masuda et al., 1973; Masuda, 1975) . For Y normalization, the value of 2.47 ppm is used; the value is based on the Y mean concentration (1.56 ppm) in the C 1 chondrite by Anders and Grevesse (1989) , multiplied by 1.584, because the REE concentra tions in the Leedey chondrite are parallel to those in the C l chondrites with a constant factor of 1.584 ± 0.031 for all REE. Each of four curves for the first, second, third and fourth tetrad effects is drawn by approximately fitting to a quadratic curve so that the first and second curves intersect each other at the middle point between Nd and Pm, and that the third and fourth ones intersect each other at the middle point between Ho and Er.
The REE patterns including Y plot show the following features ( Fig. 1): (1) The REE patterns of Archean Marble Bar banded cherts show clear W-type tetrad effect, while those of Marble Bar yellowish gray cherts show no tetrad effect. Furthermore, the banded cherts are distinguished from the yellowish gray cherts by the sightly lower chondritic Y/Ho ratios (22-27). The yellowish gray cherts are character ized by markedly lower Y/Ho ratios (13-18).
(2) The patterns of on-land Japanese cherts seem to show slight M-type tetrad effect. The Y/ Ho ratios of the cherts are in the range of 21-25.
(3) Some of the patterns of deep-sea cherts seem to show a little W-type tetrad effect. The Y/ Ho ratios of the DSDP cherts except sample 17 167-85 are about 18, lower than the ratio of the on-land Japanese cherts. Minami et al. (1995) showed that REE patterns with ID-MS of Marble Bar banded cherts show a W-type zigzag feature corresponding to tetrad ef fect in HREE pointing downward at Dy and Yb and upward at Er, and that REE patterns of yel lowish gray cherts do not show the zigzag feature. However, it has been doubtful whether the pat terns of the banded cherts reflect the tetrad effect because ID-MS analysis does not give the mono isotopic element data. From Fig. 1 , the feature of the tetrad effect in the banded cherts can be seen certainly.
Further, the tetrad effect was identified in some Phanerozoic cherts.
DISCUSSION Y/Ho ratios
Lower Y/Ho ratios for all chert samples than the chondritic ratio should be noted. Kawabe et al. (1991) pointed out that the lowest Y/Ho ratios around 20 are observed for marine sediments and deep-sea manganese nodules. Bau et al. (1996) also reported that hydrogenetic marine ferromanganese crusts display lower Y/Ho ratios (17-25). Y-Ho fractionation during scavenging by natural marine particulates has been suggested by Zhang et al. (1994) and Bau et al. (1995) . The fractionation between Y and Ho during particle scavenging may explain the slightly lower Y/Ho ratios than chondritic ratio for marine estuarine sediments and ferromanganese crusts and Phan erozoic cherts analyzed here, but could not explain the much lower Y/Ho ratios for Marble Bar yel lowish gray cherts. It is worth pointing out that two types of the Marble Bar Chert, banded and yellowish gray cherts, show different Y/Ho ratios: slightly lower than chondritic Y/Ho ratios for the banded cherts and much lower ratios for the yel lowish gray cherts. High depletion of Y in the Archean Marble Bar yellowish gray cherts sug gests other factor of Y-Ho fractionation than par ticle scavenging in present oceans. The disturbance and/or rearrangement of geochemical features by thermal events at ca. 2.5 Ga for the yellowish gray cherts might be responsible for Y depletion of them.
Furthermore, it is noted that the DSDP sample 17-167-85 shows high Y/Ho ratio of 34, though the other DSDP cherts show lower Y/Ho ratios around 18. Shimizu and Masuda (1977) proposed that the absolute concentration levels of REE, with a variation of decreasing in the order 7-66-5, 4 29C-1, 16-163-14 and 17-167-85, depend on the degree of deagenesis: sample 7-66-5 is cristobalitic porcellanite, samples 16-163-14 and 4-29C-1 are cristobalite cherts, and sample 17-167-85 is a quartz chert (Table 2 ). Higher Y/Ho ratio and stronger W-type tetrad effect for sample 17-167 85 might be related to the diagenesis. On the other hand, the different Y/Ho ratios may also due to different water depths. Sample 17-167-85 was collected from water depth of 3176 m, while other DSDP cherts were from deeper water depth of 4200-5300 m. Zhang et al. (1994) reported that Y/ Ho ratios in seawater systematically decrease with depth, suggesting that Y in seawater is less par ticle-reactive than Ho; Y/Ho abundance ratios re ported by them range from 63 at 200 m to 51 at 3000 m depths. The DSDP cherts are affected with some or all of the features of seawater REE pat terns. Shimizu and Masuda (1977) suggested that on-land cherts were formed in shallower and marginal-basin seas from a view of Ce behavior in REE patterns. The Y/Ho ratios of the on-land Japanese cherts in the range of 21-25, higher than the DSDP cherts, expect sample 17-167-85, would be interpreted by different seawater environment. culated using ID-MS data of multi-isotopic ele ments, and data of mono-isotopic elements deter mined by internal standardization based on values of neighbor elements measured by ID-MS. For example, abundance of Ho is determined by Ho = Hoicp x (DyID/DyICP + ErID/ErIcp)/2, where DYED and DyICP are the data determined by ID-MS and ICP-MS, respectively.
Figures 2(a)-(c) show plots of relationships between the degrees of tetrad effect. T (2) is omitted because the value could have large un certainty by fitting a quadratic curve through few points of two data points (Sm and Gd) and one Table 3 . The degrees of lanthanide tetrad effects esti mated by the resultant quadratic coefficients fitting quadratic curves to four tetrad effects Sample T (1) T (2) T (3) T (4) Lanthanide tetrad effect For the purpose of indication of relative mag nitude of tetrad effects for four subgroups of lan thanides, Masuda et al. (1994) proposed to use the resultant quadratic coefficient fitting quadratic curves y = aix2 + bix + ci (i = 1, 2, 3, 4) to the first, second, third and fourth spans for partially void REE data measured by ID-MS. In this study, the modified method was used for all REE data measured by ID-MS and ICP-MS. The degrees of four tetrad effects are obtained from the first (La Pr-Nd), second (Sm-Gd), third (Gd-Th-Dy-Ho) and fourth quadratic curves (Er-Tm-Yb-Lu) approxi mately fitted so that the first and second curves intersect each other at the middle point between Nd and Pin, and that the third and fourth ones (Er-Tm-Yb-Lu) intersect each other at the middle point between Ho and Er. Detailed discussion on the approximate calculation is given by Minami and Masuda (1997) . The calculated result is given in Sugitani (1992) ; PHC(S): Pillow Hill chert by Sugitani (1992) . Proterozoic chert: TC(W&H): Transvaal chert by Wildeman and Haskin (1973) . Phanerozoic cherts: Japan-C: Trassic Japanese cherts; DS-C: deep-sea cherts.
crossing point with the first tetrad effect. Positive correlations are observed in Fig. 2 , though plots of the Marble Bar yellowish gray cherts tend to deviate from the correlations. The deviations of the yellowish gray cherts is probably caused by disturbance of REE features. The leaching, dis turbance and/or rearrangement by thermal events at 2.5 Ga may make Y more depleted relative to Ho and the tetrad effect unclearer for the yellow ish gray cherts than for the banded cherts. Alibert and McCulloch (1993) and Siddaiah et al. (1994) noted that the preservation of the tetrad effect in banded iron-formations (BIFs) has been considered to be an indication of the undisturbed nature of REE geochemistry during post-depositional pro cesses. In Fig. 3 are shown REE patterns with ICP-MS for two Archean banded cherts by Sugitani (1992) . One sample (113-18) was collected from the same chert unit at Marble Bar, in the Towers Formation as in this study. Another sample (2B-10) was collected from a chert layer, associ ated with the Euro Basult of the Warrawoona Group (Hickman, 1983) , within a pillow basalt 45 km northwest of Marble Bar, at the location de noted as "Pillow Hill". It is noted that a slight W type tetrad effect is observed in the former Marble Bar chert, while no or a little M-type tetrad effect is observed in the latter Pillow Hill cherts. The calculated values of tetrad effect for the former The calculated values for the first, second and fourth tetrad effects in the Triassic Japanese cherts indicate M-type tetrad effect (Table 3) . For the Phanerozoic on-land cherts, the degrees of the third tetrad effects can be subject to the variation af fected by the original patterns of continental source materials because most of the chondrite-normal ized REE patterns of continental materials have a sharp break in inclination at a position between ect 415
Tb and Dy (Masuda et al., 1994; Minami and Masuda, 1997) . The values after consideration of mathematical bias for the third tetrad effect due to the above geochemical effect also indicate M type tetrad effect. Bau et al. (1996) reported that non-phos phatized hydrogenetic marine ferromanganese crusts display lower Y/Ho ratios than those of chondrites and slightly M-type tetrad effect. Fe oxides, which is very effective scavengers of REE, show considerably higher REE contents than cherts. Because the oxides are present in the studied cherts, REE might well be associated with them. Indeed, the REE contents in the studied cherts tend to increase with the increase of Fe203* concentration (Minami et al., 1995) , but M-type tetrad effect is not observed in the cherts enriched in Fe203*, and observed in those enriched in A1203. The degree of M-type tetrad effect tends to be smaller with the higher Fe203* concentra tion in the cherts (Figs. 4(a) and (b) ). There might be something special about these cherts from the ferromanganese crusts, though both display lower Y/Ho ratios than chondritic ratio. It is noted that the degree of M-type tetrad effect tends to be larger with the higher A1203 concentration (Figs. 4(c) and (d)). The on-land Japanese cherts show higher A1203 and REE concentrations than those of the Pilbara cherts. REE contents of alumino (a) Kawabe et al . (1991) ; BL(W&H): Bulawayan limestone by Wildeman and Haskin (1973) . Precambrian Isua BIFs: BIF-CF(A): carbonate facies in BIFs by Appel (1983) ; BIF-SF(A): silicate fades in BIFs by Appel (1983 Liu and Byrne (1995) proposed that the higher Y/Ho ratio in modern seawater could be due to a higher reactivity of Y with organic ligands on surface particles. It is possible that organic ligands in Archean oceans were not as important as oceans today. The "Pilbara Ocean" was considered to be full of Fe and Si that originated from submarine hydrothermal systems (Sugitani, 1992) . Little Y Ho fractionation similar to igneous rocks and clear W-type tetrad effect for the Marble Bar banded cherts indicate that the cherts are "pure", not containing organic nor detrital materials.
CONCLUSIONS
It has been shown that seawaters and their precipitates show higher Y/Ho ratio than chon drites being coupled with W-type tetrad effect, and lower Y/Ho ratios with M-type tetrad effect (Kawabe et al., 1991; Zhang et al., 1994; Bau et al., 1995 Bau et al., , 1996 . The cherts analyzed here show low Y/Ho ratios irrespective of W-type and M type tetrad effects. It is noteworthy that the Archean Marble Bar banded cherts, suffered little disturbance after the deposition at 3.2 Ga, display slightly lower Y/Ho ratios than chondritic ratio together with clear W-type tetrad effect, while the Marble Bar yellowish gray cherts, suffered ther mal events at ca. 2.5 Ga, display extremely lower Y/Ho ratios together with a little M-type tetrad effect. The low Y/Ho ratios for the yellowish gray cherts suggest other factor of Y-Ho fractionation than particle scavenging. The leaching, disturbance and/or rearrangement of the geochemical feature during the 2.5 Ga event might be responsible for Y depletion of the yellowish gray cherts. 
